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Preface 

t 

Relatively  little  research  has  been  done  on  cavities 
that  open  Into  the  flow*  In  the  research  that  has  been 
conducted,  resonance  in  the  cavity  has  beer-  a major  problem. 
This  report  describes  my  effort,  to  reduce  the  level  of  the 
resonance  and  to  provide  a means  of  predicting  the  pressure 
gains  and  resonant  frequencies  associated  with  one  such 
forward  facing  cavity  system. 

Many  people  provided  valuable  advice  and  assistance 
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Dr,  James  T,  Van  Kuren  of  the  Flight  Dynamics  Laboratory 
and  my  faculty  adviser  Dr,  William  C*  Elrod,  who  together 
have  motivated  and  advised  my  efforts,  I would  also  like 
to  thank  Professor  Hilton  Franke  for  his  guidance  in  the 
transmission  line  theory  area,  Capt,  William  R.  Conner  and 
Mr,  Daniel  J*  McDermott  of  the  Flight  Dynamics  Laboratory 
deserve  special  notice  for  their  assistance  throughout  the 
experimental  and  data  reduction  portions  of  the  study. 
Finally,  I*d  like  to  thank  my  mother,  whose  love  I ■ could 
not  do  without,  and  whose  upbringing  has  made  this  study 
even  possible. 
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This  study  is  a preliminary  effort  to  reduce  the  level 


of  the  resonance  and  to  provide  a means  of  predicting  the 
pressure  gains  and  resonant  frequencies  associated  with  a 
forward  facing  cylindrical  cavity  in  high  subsonic  flow. 

The  basic  model  was  an  ogive  cylinder  fitted  with  an 
off-axis  longitudinal  cavity.  Eleven  different  suppression 
devices  were  investigated. 

Transmission  line  theory  was  used  very  effectively  to 
predict  the  pressure  gains  and  resonant  frequency  when  the 
flow  was  stagnated  in  the  cavity  and  to  predict  the  resonant 
frequency  in  flow  situations.  The  resonant  frequency 
occurred  at  or  near  the  fundamental  mode  frequency  of  a 
right  circular  cavity. 

The  most  effective  anti-resonance  device,  a side 
relief  hole,  reduced  the  RMS  pressure  in  the  cavity  by 
a factor  as  great  as  23.  Helmholtz  resonators  placed  in 
the  cavity  were  also  shown  to  be  effective,  reducing  the 
RMS  pressure  by  a factor  as  great  as  6. 
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AN  EXPERIMENTAL  INVESTIGATION  .QP  HIGH  ' 

SUBSONIC  FLOW  OVER  AN  OFF  AXIS  LONGITUDINAL 
CAVITY  WITH  ANTIRESONANCE  DEVICES 

I,  Introduction 

»'  “T*  '“ 

Background 

Several  applications  exist  ithin  the  Air  Force  for  the 
use  of  optical  equipment  on  aircraft  during  flight.  In  most 
cases  it  is  desirable  to  have  minimum  losses  along  a light 
path  from  the  aircraft  to  an  external  point.  Often  an  open 
port  is  used  to  minimize  the  surface  reflections,  scattering 
and  absorption  associated  with  a window  material.  The  open 
cavity  can  act  as  an  acoustic  resonator  and  amplify  internal 
pressure  fluctuations.  These  pressure  fluctuations  may 
affect  internal  optical  components. 

Previous  studies  of  open  cavities  in  aerodynamic  flows 
have  almost  exclusively  been  directed  toward  cavities  which 
are  normal  to  the  free  stream  (Ref  2),  Recently,  hov/ever, 
a need  has  developed  to  look  at  cavities  that  open  into  the 
flow.  An  investigation  of  transonic  flow  around  an  ogive 
cylinder  with  a forward  facing  cylindrical  cavity  has  shown 
that  at  deep  cavity  positions  clearly  unacceptable  resonance 
levels  (Py,„_/q  greater  than  1.1)  were  present  (Ref  5). 
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A means  of  predicting  and  controlling  the  resonance  level  is 
needed  in  order  to  use  the  longitudinal  cavity  configuration 

' " l>  r. 

in  aircraft,  • ■ ' ■ . - 

Electric  Analogy  / 

One  means  of  predicting  the  pressure  gains  and  resonant 
frequencies  of  an  open  cavity  is  through  the  use  oi  a pneumatic 
electric  analogy*  The  cavity  can  he  modeled  using  existing 
electrical  transmission  lire  theory* 

Numerous  theoretical  and  experimental  studies  have  been 
conducted  using  transmission  line  theory  to  accurately  predict 
the  dynamic  characteristics  of  fluid  lines.  The  basic  theory 
can  be  found  in  an  article  by  Nichols  (Ref  7).  Krishnaiyer 
and  Lechner  (Ref  6)  found  good  agreement  between  their 
experimental  data  on  blocked  pneumatic  lines,  and  calculations 
based  on  a modification  of  Nichol’s  theory*  Franke, 

Malanowski,  and  Martin  (Ref  3)  experimented  with  more 
complicated  pneumatic  lines  that  were  neither  of  uniform  cross 
section  along  the  length  of  the  line  nor  necessarily  blocked 
at  the  end.  In  this  study  they  considered  the  effects  of 
line  branching  in  parallel  and  mean  laminar  or  turbulent  flow* 
Bird  (Ref  1 ) formulated  a computer  program  to  calculate  the 
pressure  transfer  function  for  an  arbitrary  line  network  where 
the  lines  were  of  circular  cross  section  and  each  line  segment 
was  of  constant  radius.  The  program  was  based  on  Nichol’s 
theory  as  modified  by  Krishnaiyer  and  Lechner,  Agreement 
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' *■  ■ • ■ (■, 

between  the  theoretically  based  program,  and  (experiments 
performed  by  Bird  ’/as  very  good,  Franke,  Karam,  and 
Lymburner  (Ref  4)  showed  that  for  lines  of  non-circular 
cross  sections  hydraulic  diameters  can  be  used  with  good 
agreement  betv/een  experiment  and  theory. 

Objectives 

This  study  has  two  major  objectives:  first,  to  predict 
the  pressure  gains  and  resonant  frequencies  of  a forward 
facing  cylindrical  cavity  offset  from  the  axis  of  an  ogive 
cylinder  using  existing  electrical  transmission  line  theory; 
and  second,  to  determine  the  effectiveness  of  various 
experimental  cavity  suppression  devices  in  reducing  the 
resonance  in  the  cavity  by  a wind  tunnel  investigation. 
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II.  Description  of  Apparatus 


An  Investigation  of  the  dynamic  characteristics  of  a 

forward  facing  cavity  and  the  effect  of  various  resonance 

> 

suppression  devices  on  the  RMS  pressure  fluctuations  was 
conducted  in  the  U.  S.  Air  Force  Flight  Dynamics  Laboratory 
Trisonic  Gasdynamics  Facility  (Ref  10).  The  model  used 
in  the  test  was  basically  the  same  one  that  was  used  in 
Icardi*s  experiment  (Ref  5)* 

Two  types  of  measurements  were  taken  during  the  testj 
the  RMS  pressure  in  the  cavity,  and  the  temperature  in  the 
cavity.  The  equipment  used  in  the  investigation  consisted  of 
a baseline  model,  11  cavity  suppression  devices,  3 dynamic 
pressure  transducers,  and  a thermocouple. 

The  outputs  of  the  pressure  transducers  were  processed 
by  RKS  meters  and  converted  from  analog  to  digital  form  with 
a Hewlett-Packard  Model  9810  Desk  Calculator.  The  calculator 
also  plotted  dynamic  pressure  versus  depth  on  an  attached 
digital  control  plotter.  The  outputs  of  the  pressure 
transducers  were  then  passed  through  an  auto-correlator  that 
was  used  to  compute  and  display  the  auto-correlation  function 
of  the  pressure  data  on  a cathode-ray  tube.  A frequency 
analyzer  was  used  to  perform  the  discrete  Fourier  transform 
of  the  auto-correlation  function  display  and  present  the 
results  on  its  own  storage  cathode-ray  tube.  The  outputs 
of  the  transducers  were  also  recorded  on  magnetic  tape. 


The  temperature  recorded  from  the  thermocouple  was 
converted  from  analog  to  digital  form  through  the  use  of 
the  Hewlett-Packard  9810  Calculator*  A schematic  diagram 
of  the  test  instrumentation  is  presented  in  Fig  1 • 

Baseline  Model  (Model  0)*  The  baseline  model  shown  in 
Fig  2*  was  an  ogive  cylinder  with  a forebody  fineness  ratio 
of  four.  The  ogive  cylinder  was  fitted  with  an  off-axis 
longitudinal  cylindrical  cavity*  In  Icardi*s  original 
experiment  the  diameter  of  the  cavity  was  varied  through  the 
use  of  inserts  of  various  diameters.  In  this  investigation 
only  a 0,5625-in. -ID  insert  was  used. 

The  cavity  depth  was  varied  through  the  use  of  a 
moveable  piston  that  was  remotely  positioned  by  a 27  VDC 
motor  mounted  in  the  model.  The  position  of  the  piston  was 
sensed  by  a linear  potentiometer  mechanically  linked  to 
the  piston.  The  piston  was  sealed  with  a rubber  0-ring 
to  prevent  leakage.  Three  Kulite  pressure  transducers  and 
one  thermocouple  were  mounted  on  the  face  of  the  piston. 

Cavity  Suppression  Devices.  Eleven  suppression  type 
devices  were  tested  to  determine  the  influence  of  each  on 
the  RMS  pressure  fluctuations  in  the  cavity.  Models  1,2, 

3,  and  4 were  all  Helmholtz  resonators  with  various  geometries 
intended  to  not  only  reduce  the  resonance,  but  to  facilitate 
packaging  into  an  aircraft  nose  section.  Model  1 was  a 
conventional  Helmholtz  resonator  with  a cylindrical  volume. 
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Baseline  Model  Conficuration 
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Model  2 had  a cylindrical-segment  volume*  Models  3 and  4 
had  a combined  cylindrical  annular  and  cylindrical-segment 
volume*  Moueis  5,6,  t_i  ? consisted  of  the  baseline  model 
with  side  relief  holes  of  various  diameters*  The  diameters  ■ 
were  respectively  1/8  in*,  lA  in*,  and  3/8  in*  Model  8 
consisted  of  the  baseline  model,  a side  relief  hole  of 
3/8  in*,  and  a scoop  attachment  to  the  side  relief  hole* 

Model  9 consisted  of  the  baseline  model  with  a 1/4  in. 
thick  polystyrene  foam  lining*  Model  10  consisted  of  the 
baseline  model  with  a porous  fence  of  approximately  0*30 
porosity  lined  around  the  opening  of  the  cavity.  Model  11 
consisted  of  a combination  of  models  3 and  7*  Diagrams  of 
each  of  the  devices  are  presented  in  Appendix  A* 

Pressure  Transducers 

Three  Kulite  model  XCQL-1 4-023-25  high  response,  variable 
reference,  pressure  transducers  were  used  to  measure  the 
pressure  variations  on  the  base  of  the  cavity.  The 
transducers  have  a frequency  response  of  at  least  20  kHz  and 
are  self  compensating  for  temperature. 

RMS  Meters 

Three  Hewlett-Packard  model  3400A  RMS  volt  meters  were 
used  to  process  the  pressure  data.  Their  output  is  the 
root-mean-square  of  the  variations  in  the  input  signal  with 
an  integration  time  of  two  seconds. 


GAE/AEMD-26 


Tans  Recorder 

The  pressure  data  was  recorded  on  magnetic  tape  with 
an  Ampesc  model  CP100,  14  channel,  FH,  tape  recorder*  Xt 
has  a maximum  Input  of  1*4  volts/channel  and  a frequency 
response  good  to  10  kHz*  A standard  Hi  time  code  generator 
using  Irig  B was  used  to  mark  the  tape  for  later  data 
correlation*  The  outputs  of  the  transducers  were  visually 
monitored  on  an  oscilloscope  to  insure  that  they  remained 
within  the  range  of  the  recorder* 

Auto-Correlator 

The  auto-correlation  of  the  pressure  data  was  performed 
by  the  Hewlett-Packard  Model  3721 A Correlator,  The  correlator 
features  the  simultaneous  computation  and  display  of  100 
points  of  the  function  selected.  The  correlator  has  an  input 
amplifier  bandwidth  of  0 to  230  kHz*  The  input  range  is 
40  mV,  to  4 V HIS. 

Frequency  Analyzer 

The  Fourier  transform  of  the  auto-correlation  function 
was  performed  by  a 3720A  Spectrum  Display,  a special  purpose 
analyzer  for  use  with  the  3721 A Correlator.  The  frequency 
range  of  the  display  is  0,005  Hz  to  250  kHz,  The  ratio  of 
full  scale  signal  to  noise  level,  for  any  fixed  gain,  is 
better  than  50  dB* 
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IIS*  Experimental  Procedure 


In  order  to  establish  a basis  for  comparing  the 
effectiveness  of  the  suppression  devices  extensive  testing 
was  first  conducted  on  the  baseline  model.  For  each  Mach 
number  the  model  was  first  positioned  at  0 degrees  angle  of 
attack*  The  piston  was  driven  from  the  lip  of  the  cavity  to 
its  maximum  depth  at  a rate  of  1 inch/minute*  As  the  piston 
moved,  the  RMS  pressure  variations  in  the  cavity  were  plotted 
versus  the  cavity  depth*  The  piston  was  then  repositioned  at 
the  lip  of  the  cavity*  Next,  the  piston  position  was  varied 
and  at  each  interval  of  0*125  in*  the  SMS  pressure  was  recorded 
from  the  SMS  meters  and  the  temperature  was  noted*  Also,  at 
each  position  a power-spectral-density  was  obtained  by 

} 

i 

photographing  the  display  on  a CRT*  The  pressure  data  was  then 
recorded  on  tape*,  The  outputs  of  the  transducers  wore  monitored  j 

on  an  oscilloscope  to  insure  that  the  AG  and  DC  levels  j 

» 

remained  within  the  range  of  the  tape  recorder.  The  AC  levels 
wei?  controlled  by  varying  the  transducer  gains  and  the 
DC  levels  adjusted  by  changing  the  transducer  reference 
press  ures • 

The  model  was  then  tested  using  the  same  procedure  but 
at  angles  of  attack  of  6 ana  -6  degrees.  The  model  was 
tested  at  Mach  numbers  of  both  0.85  and  0.70. 

The  1 1 suppression  devices  were  tested  using  the  same 
procedure  as  outlined  above  for  the  baseline  model. 
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IV.  Application  of  Transmission  lint 
Theory  to  the  Study 

Transmission  lino  theory  was  used  to  predict  the  pressure 
gains  and  the  resonant  frequencies  of  the  forward  facing 
cavity  making  use  of  a computer  program  written  by  Bird  for 
circular  lines  (Ref  1),  The  theory  assumes  that  the  diameters 
of  the  lines  are  small  in  comparison  to  the  lengths  of  the 
lines  and  the  wavelength  of  the  sound.  This  assumption 
assures  that  only  plane  wave  oscillations  are  present  in  the 
cavity.  The  theory  also  assumes  that  there  is  no  mean  flow 
in  the  system.  Even  with  the  no  mean  flow  assumption,  the 
theory  has  been  shown  to  bo  effective  in  predicting  the  pressure 
gains  and  resonant  frequencies  when  flow  was  present  in  the 
system  (Ref  4) • 

To  apply  the  theory,  the  cylindrical  cavity,  which  was 
truncated  at  one  end,  was  first  approximated  as  a right  cylindrical 
cavity  by  malting  a length  correction  to  the  overall  cavity 
length.  The  appropriated  model  was  then  used  in  the 
transmission  line  analysis. 

Cylindrical  Cavity  kv proximo t ion 

’.Then  an  air  column  is  set  into  resonant  vibration  by 
blowing,  stationary  waves  are  set  up  in  the  column  due  to  the 
combined  effects  of  the  direct  and  end  reflected  waves. 
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A circular  tube  open  at  one  end.  and  closed  at  the  other  (Fig  3) 
has  a natural  resonant  frequency  of  (Ref  8:2) 

p1>2>3=  WAl)  i?=i,3,5  (1) 

where  C is  the  sonic  velocity,  L is  the  length  of  the  tube, 

and  F^  is  the  fundamental  frequency,  is  the  second  harmonic, 

F7  is  the  third  harmonic,  etc. 

3 


INPUT 


Fig.  3»  Circular  Tube  of  Length  L 


The  model  used  in  the  study  had  a cylindrical  cavity 
with  a skewed  opening  at  the  forward  end  (Fig  D* 


Fig.  L'f  Baseline  Model  with  Skewed  Opening 


jigr 
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A length  correction  of  1 *026  in*  when  added  to  the  cavity 
depth  X (Pig  5)  produced  close  correlation  between  the 


Fig.  5*  Baseline  Model  with  Corrected  Length 


observed  experimental  resonant  frequencies  and  the  resonant 

frequencies  calculated  using  the  corrected  cavity  length  L--X+ 1 .026  in. 

in  Eq  1 . Fig  6 shows  a comparison  of  observed  versus  calculated 

resonance  frequencies,  for  various  cavity  depths  at  a Mach 

number  of  0.85  and  angle  of  attack  of  0 degrees.  Throughout 

the  entire  test  the  corrected  length  L varied  at  most  by 

0.03  in.  from  the  value  ui  X+1.026  in. 

In  the  experiment  only  the  fundamental  mode  was  excited 
to  a significant  level.  The  second  harmonic  was  present 
but  at  a RMS  pressure  level  30  to  ^0  dB  lower  than  the 
fundamental  mode  RMS  pressure  level. 


Transmission  Line  Theory 

t 

The  transmission  line  theory  used  in  the  analysis  was 
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applied  through  the  use  of  a computer  program  written  by 
Bird  for  circular  lines  (Ref  V).*  The  corrected  cavity 
length  L was  used  as  the  overall  system  length  .in  the  prograin. 

To  apply  the  theory,  the  cavity  length  was  first 

/ . 

/ 

separated  into  a series  of  line  sections*-*  A simplified 
pneumatic  line  system  is  shown  in  Fig  7.  For  use  in  Bird's 
program  this  simplified  line  system  would  be  broken  into 


5 line  sections.  The  computation  which  is  needed  to 
compare  the  experimental  results  with  the  line  theory  is  the 
pressure  transfer  function  or  the  pressure  gain  between 
points  B and  A, 

If  the  impedance  at  the  end  of  a line  i is  known,  the 
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input  impedance  of  line  i of  length  L is  given  by 

(VZc5  + (3r-Sc)ex£(“2rL) 

*S’  c (Zr+Zc)  - (Zr-Zc)exp(-.27L) 

where  the  characteristic  line  impedance  Z and  the 
propagation  constant  y are  calculated  using  the  equations 
for  the  shunt  admittance  Y and  the  series  impedance  Z 
given  by  Krishnaiyer  and  Lechner.  The  impedance  Zr  at 
the  end  of  an  open  line  is  calculated  using  orifice  Eq  6 
which  is  discussed  in  the  next  section.  In  3ird*s  program 
an  open  end  is  treated  as  a line  section  of  zero  length 
with  a diameter  equal  to  the  diameter  of  the  line  leading 
to  the  open  end.  The  impedance  Z^  at  the  end  of  a closed 
line  is  equal  to  « and  is  treated  as  a line  section  of  zero 
diameter  and  zero  length. 

On  each  line  section  the  input  impedance  Zg(L^+1) 
of  line  i+1  is  the  output  impedance  Zr(L^)  of  the  preceding 
line  i.  In  order  to  calculate  the  impedance  at  a junction 
the  pressure  is  assumed  to  be  uniform  at  the  junction.  Thus, 
the  impedance  Z is  given  by 

r i 
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(3) 


Then,  with  the  impedance  known  anywhere  along  the  line  network, 
the  pressure  gain  can  be  calculated  for  each  individual  line 
using 


2ZpZrexp(-?L) 

Sc(VZc)+(Zr"Zc)Zcexi,('*2rL) 


(4) 
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Finally,  the  magnitude  of  the  transfer  function  jPg/P^J 

can  be  calculated  from  the  product  of  the  individual  line 
transfer  functions  using 


i 


(5) 


v/here  the  product  is  taken  across  all  line  sections  between 
points  B and  A. 


Orifice  Equation 

The  impedance  of  an  orifice  is  based  on  the  steady  flow 
orifice  resistance.  It  is  assumed  that  the  DC  flow  characteristics 
of  the  orifice  can  be  used  to  predict  the  AC  flov;  characteristics 
and  that  the  load  impedance  is  purely  a resistance  which 
does  not  vary  with  frequency.  The  resulting  impedance  of  the 
orifice  is  assumed  to  be  given  by 


Z 


o 


5 pAPm 

„ A. 


(6) 


where APm  is  the  change  in  pressure  across  the  orifice,  AQ  is 

the  cross-sectional  area  of  the  orifice,  and  K is  an  experimentally 

determined  flow  coefficient  (0.6  is  used  in  this  investigation). 

The  density  is  assumed  constant  across  the  orifice. 


; ' ^ Two  major  limitations  erdst  in  the  application  of 

transmission  line  theory  to  this  study*  First,  the  theory 
Is  dependent  only  on  line  gepmetry,  mean  input  pressure, 
atmospheric  pressure,  and  temperature*  Therefore,  there 
is  no  v:ay  at  present  of  adding  in  angle  of  attack  effects 
and  Mach  number  changes*  Second,  the  theory  can  only  be 
used  to  analyse  the  resonance  devices  that  consisted  of 
modifications  to  the  line  geometry  itself.  As  a result, 
model  8 (scoop  attachment),  model  9 (foam  insert),  and 
model  10  (porous  fence)  could  not  be  modeled  using  a 
transmission  line  approach* 
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V.  Results— Discussion  and  Interpretation 


The  results  presented  in  this  chapter  are  grouped  into 
two  sections.  The  first  section  deals  with  predicting  the 
frequency  response  of  the  cavity.  The  second  section  deals 
with  the  effectiveness  of  the  various  suppression  devices 
in  reducing  the  Pu!S  pressure  fluctuations. 


Predicting  the  Frequency  Response  of  the  Cavity 

Transmission  line  theory  was  used  to  predict 
the  frequency  response  of  the  baseline  model,  models  1 thru  7, 
and  model  11.  The  corrected  cavity  length,  L«X+ 1.026  in,, 
was  used  in  all  cases  as  the  overall  length  of  the  cavity. 
Application  of  Theory  to  the  Baseline  Model.  The 
baseline  model  was  separated  into  two  line  sections  as  shown 
In  Fig  8. 
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Comparisons  between  theory  and  experiment  for  different 
test  conditions  in  the  form  of  gain*  versus 

frequency  curves  are  shown  in  Figs  9 thru  12.  The  X*s 
represent  the  experimental  points  and  the  curves  represent 
the  theory*  Since  the  input  RMS  pressure  at  point  A was 
not  measured,  an  approximate  method  had  to  be  used  to  plot 
the  experimental  points  on  the  figures.  This  was 
accomplished  by  first  making  one  experimental  point  fall 
on  the  theoretical  curve  and  then  normalizing  all  other 
points  with  respect  to  the  first  point.  Figure  9 shows 
very  good  correlation  between  theory  and  experiment. 

Figures  10  and  11,  when  compared  with  Fig  9,  show  that 
angles  of  attack  of  6 and  -6  degrees  had  little  or  no 
effect  on  the  pressure  gains  and  resonant  frequency  of  the 
cavity.  Similarly,  comparing  Fig  12  with  Fig  9,  shows  that 
changing  the  Mach  number  from  0.85  to  0.70  had  little 
effect  on  the  frequency  response  of  the  cavity. 

Application  of  Theory  to  Anti-Resonance  Devices.  Models 
1 thru  7 and  model  1 1 were  examined  in  a similar  manner  as 
the  baseline  model.  The  same  approximate  method  used  to 
plot  the  experimental  points  for  the  baseline  model  was 
used  for  the  anti-resonance  devices.  Hydraulic  diameters 
were  used  when  the  lines  were  of  non-circular  cross  section. 
The  internal  breakdown  of  each  model  into  line  sections  is 
shown  in  Appendix  B. 

Figures  13,14»1>*  and  16  show  a comparison  between 
theory  and  experiment  for  the  four  Helmholtz  resonators, 
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Fi£.  12.  Experimental  and  Theoretical  Gains  (P^/P.)  for  Baseline  Model 

llach=0.70,  X=1.%5,  Alpha  «0 


14.  Experimental  and  Theoretical  Gains  (P^/P*)  2, 

Mach=0.35,  X=  1.565,  Alpha  = 0 


Fi£j,  16,  Experimental  and  Theoretical  Gains  (Pr>/P. ) for  Model  k 

Mach=0.85,  X=1 .565,  Alpha  = 0 
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models  1 ,2,3*  and  ^ respectively.  The  theory  and  experimental  | 

data,  as  in  the  case  of  the  baseline  model,  showed  very 
good  correlation.  The  relief  hole  models  (models  5*6,  and  7) 
and  model  11,  a combination  of  a relief  hole  and  a Helmholtz 
resonator,  were  nou  simulated  as  well  by  theory  as  the  other  . 

i t 

5 models.  This  is  quite  evident  when  the  figures  for  models 
5*6,7*  and  11  (Figs  17* 18,19*  and  20)  are  compared  with  the 
figures  already  presented  for  the  other  models.  The  resonant 

frequency  was  still  predicted  very  accurately,  but  there  j 

1 

were  significant  deviations  between  the  theoretical  and  j 

experimentally  determined  gains.  The  reason  the  pressure  I 

\ 

gains  were  not  predicted  accui  vdy  in  these  last  four  models  j 

was  that  two  assumptions  of  the  theory  were  violated.  First,  j 

f 

the  constant  density  assumption  of  the  theory  was  violated  due 

i 

to  high  speed  flow  that  was  introduced  into  the  cavity  at  free  ! 

) 

stream  Mach  numbers  of  0,89  and  0,70,  Second,  the  theory  and 
experiment  did  not  agree  closely  because  of  inaccuracies  in  the 
mean  input  pressure  value  which  was  not  measured  but  was  assumed 
to  be  equal  to  the  tunnel  stagnation  pressure.  This  approximation 
is  good  when  the  flow  in  the  cavity  is  stagnated,  which  was  the 
case  in  models  0 thru  But,  because  there  was  cavity  flow 
in  models  5*6,7*  and  11,  the  stagnation  pressure  was  not  a good 
approximation  of  the  mean  input  pressure. 
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Effectiveness  of  Anti-Resonance  Devices 

The  measurement  that  was  used  to  determine  the  effectiveness 
of  the  various  models  in  reducing  the  resonance  level  was  the 
BIS  pressure  measured  at  the  rear  of  the  cavity.  The 
temperature,  measured  at  the  rear  of  the  cavity,  is  also 
presented  in  this  section. 

Root  Mean  Square  Pressure  Fluctuations.  The  results 
of  the  pressure  measurements  are  presented  as  plots  of  the 
RMS  pressure  divided  by  the  tunnel  dynamic  pressure  (PrEls/<l) 
versus  the  nondimensionalized  cavity  depth  (X/D).  The 
curves  for  a Mach  number  of  0.85  and  angle  of  attack  of 
0 degrees  are  typical  of  the  data  taken  throughout  the  test 
and  are  presented  in  Figs  21  thru  2 4.  In  all  cases  the 
RMS  pressure  increased  with  cavity  depth,  this  being  attributed 
to  the  fact  that  the  flow  mechanism  that  excited  the  fundamental 
mode  of  the  cavity  was  coupled  more  strongly  to  the  cavity 
at  the  deeper  positions. 

Figure  21  shows  the  effect  of  the  various  Helmholtz 
resonators  on  the  BIS  pressure  level.  All  of  the  resonators 
reduced  the  level  by  reflecting  back  part  of  the  incident 
wave.  Models  3 and  4,  the  Helmholtz  resonators  with  combined 
cylindrical-segment  and  cylindrical  annular  volumes  were  the 
most  effective,  reducing  the  RMS  pressure  by  a factor  as  great 
as  6 at  the  deepest  cavity  position. 

Figure  22  shows  the  effect  of  side  relief  holes  of  various 
diameters  on  the  resonance  level.  The  side  relief  holes,  due 
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to  the  combined  effects  of  channeling  flow  across  the 
resonant  wave  and  reflecting  back  part  of  the  incident 
wave,  reduced  the  KIS  pressure.  Model  7,  the  side  relief 
hole  with  the  greatest  diameter  (.375  in.)  reduced  the  P_,,„ 
level  by  a factor  as  great  as  23  at  the  deepest  cavity  depth. 

Figure  23  shows  the  effect  of  models  8,9,  and  10  on 
the  PrKS  level.  The  porous  fence  insert  (Model  10)  was  not 
effective  and  at  some  cavity  depths  even  amplified  the  EHS 
pressure  level.  Model  8 (scoop  attachment)  and  Model  9 
(foam  lining)  reduced  the  PJ-IS  pressure  significantly  (by 
factors  of  6 and  3 respectively  at  the  deepest  cavity  position). 

From  Figs  21  thru  23  it  can  be  seen  that  the  Helmholtz 
resonators  with  the  combined  cylindrical  annular  and 
cylindrical-segment  volumes  (Models  3 and  4)  and  the  side 
relief  hole  with  the  largest  diameter  (Model  7)  wore  the 
most  effective  in  reducing  the  resonance  level.  Model  11, 
a combination  of  the  most  effective  side  relief  hole  (Model 
7)  and  the  most  effective  Helmholtz  resonator  (Model  3)»  also 
reduced  the  resonance  level  significantly  (factor  of  13  at  the 
deepest  cavity  position).  A comparison  of  the  most  effective 
models  (Models  3 >7,  and  11)  is  given  in  Fig  24.  For  every 
test  condition.  Model  7 (the  side  relief  hole  with  the 
greatest  diameter)  was  determined  to  be  the  most  effective 
in  reducing  the  PMS  pressure  fluctuations  in  the  cavity.  A 
complete  set  of  figures  for  all  test  conditions,  'excluding 
the  figures  that  were  presented  in  this  section,  is  given  in 
Appendix  C. 
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Temperature  Measurement.  ne  results  of  the  temperature 
measurements  at  the  rear  of  the  cavity  are  summarized  in 

i ‘ 

Fig  25.  As  the  RMS  pressure  increased,  the  temperature  also 
Increased.  This  can  be  explained  by  the  fact  that  at  any 
resonant  cbndition  some  of  the  acoustic  energy  contained  in 
the  standing  waves  present  in  the  cavity  was  dissipated  as 
heat  due  to  viscosity  effects.  As  the  PJ-1S  pressure  increased 
the  amplitude  of  the  standing  waves  increased  and  as  a result 
a greater  amount  of  acoustic  energy  was  dissipated  as  heat. 
V/hen  this  increase  in  heat  was  combined  with  the  stagnated 
cavity  the  temperature  increased  as  is  shown  in  Fig  25* 
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VI.  Conclusions 

In  the  study  the  pressure  gains  and  the  resonant 
frequencies  of  a forward  facing  cylindrical  cavity  offset 
from  the  axis  of  an  ogive  cylinder  were  investigated.  In 
addition  the  effectiveness  of  various  anti-resonance  devices 
in  reducing  the  resonance  level  in  the  cavity  was  determined. 
The  major  conclusions  of  the  investigation  are  as  follows: 

1 • The  airflow  around  the  nose  of  the  ogive  cylinder 
excited  the  fundamental  resonant  frequency  of  the  cavity. 

The  second  harmonic  was  present  but  at  a level  30  to  kO 
dB  lower  than  the  fundamental  mode  frequency. 

2.  By  adding  a length  correction  to  account  for  the 
skewed  opening  at  the  open  end  of  the  cavity,  transmission 
line  theory  was  applied  to  predict  the  pressure  gains  and 
resonant  frequency  v/hen  the  flow  v;as  stagnated  in  the  cavity 
and  to  predict  at  least  the  resonant  frequency  when  there 
was  flow  in  the  cavity, 

3.  The  RMS  pressure  in  the  cavity  was  reduced 
effectively  with  the  anti-resonance  devices.  A relief 
hole,  due  to  the  combined  effects  of  channeling  flow  across 
the  resonant  wave  and  reflecting  back  part  of  the  incident 
v/ave,  reduced  the  RMS  pressure  by  a factor  as  great  as  23. 

A Helmholtz  resonator  with  combined  cylindrical  annular 
and  cylindrical-segment  volumes  reflected  back  part  of 
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the  incident  wave  and  reduced  the  RMS  pressure  level  by  a 
factor  as  great  as  6. 

The  deeper  the  cavity  depth  the  higher  was  the  RMS 
pressure  level.  For  the  baseline  model,  at  the  deeper 
cavity  positions  the  RMS  pressure  was  consistantly  on  the 
order  of  the  tunnel  dynamic  pressure  q. 

5*  As  the  RMS  pressure  increased  the  temperature  in 
the  cavity  increased  significantly  (as  much  as  20  degrees 
at  the  deepest  position) • 

6.  The  most  desirable  configuration  tested  was  the 
side  relief  hole  due  to  the  simplicity  of  the  configuration  and 
the  model*s  extreme  effectiveness  in  reducing  the  RMS  pressure 
in  the  cavity. 
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VII.  Pe commendations 


Applications 

Transmission  line  theory  is  a very  -powerful  tool  and 
the  fact  that  it  does  predict  the  frequency  response  of 
the  cavity  is  of  immeasurable  importance.  The  theory  can 
be  used  to  predict  what  effect  a particular  configuration 
will  have  on  the  resonance,  and  more  importantly,  a 
preliminary  investigation  of  this  type  can  be  done  before 
any  construction  of  materials  is  started. 

Further  Investigations 

The  side  relief  hole  was  shown  to  be  very  effective  and 
the  construction  of  such  a device  seems  to  be  quite  easy.  The 
aerodynamics  of  such  a relief  hole  needs  to  be  investigated 
to  determine  what  effect,  if  any,  the  relief  hole  would 
have  on  the  overall  aerodynamics  of  the  airplane.  In 
addition,  transmission  line  theory  does  not  predict  the 
pressure  gains  of  a side  relief  hole  due  to  the  high  speed 
flow  in  the  cavity.  An  attempt  should  be  made  to  model  the 
flow  so  that  the  theory  could  be  applied  accurately  to  this 
type  of  device.  Finally,  alternative  methods  of  reducing  the 
resonant  pressure  oscillations  in  the  cavity  should  be  considered. 
The  use  of  mass  injection  has  been  shown  to  be  successful 
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in  reducing  'the  resonance  level  in  similar  forward  facing 
cavities  (Hef  9)*  A study  should  be  conducted  to  consider 
its  application  to  this  particular  configuration* 


45 


GAE/AJJ/74D-26 


Bibliography 


1 • Bird,  Thomas,  A Computer  Program  for  Predicting  the 
Frequency  Response  or” Complex  Pneumaii'c  Lins  Networks , 
Unpublished  thesis,  Wright  Patterson  Air  Force'  Sasej’ 

Ohio:  Air  Force  Institute  of  Technology,  December,  1974* 

2,  Buell,  Donald  A.  An  Experimental  Investigation  of  the 
Air  FIov/  Over  a CavTtTpit'h  Anflresona:-'-/ e Devices , 

NASA"  technical'"’!; o t e b-$£~65 , V/a'shingt on : Ti.tionai  " 
Aeronautics  and  Space  Administration,  March,  1971* 

3,  Franke,  M,E.,  Kalanov/ski,  A,J,,  and  Martin,  P,S, 

Effects  of  Temperature , End  Conditions,  Floy/  and 
Branching  on  the  Frequency  Res p'o noe  of  Pne uma Vic  Lines, 

BnrrsperTi  tt^ 

4*  Franke,  M.E,,  Karam,  J.T.,  Jr.,  and  Lynburner,  F.C. 

•‘Experimental  Frequency  Response  of  Fluidic  Transmission 
Lines,"  Paper  El,  Proceedings  of  the  Fourth  Cram field 
Fluidics  Conference','  Coventry ,Tng1~andV  1970. 

5.  Icardi,  Stephan  E,  An  Experimental  Investigation  of 
Trans onic  Floy/  AronnT~a"  hose  's'e'c'tion  with  an  Off-Axis 
LongltucTTnal  Cavity'.  IJnp'uLlisIie'd  thesis.'  “wright 
Patterson  Air  Force  Base,  Ohio:  Air  Force  Institute 
of  Technology,  December,  1973* 

6.  Kr*’ schnaiyer,  R.  and  Lechner,  T.J.  "An  Experimental 
Evaluation  of  Fluidic  Transmission  Line  Theory,"  Advances 
in  Fluidics,  ed.  Brown,  F.T.,  ASHE,  Hew  York,  1967* 

7*  Nichols,  N.B,  "The  Linear  Properties  of  Pneumatic 
Transmission  Lines,"  Transactions  of  the  Instrument 
Society  of  America,  0 962) , 

8.  Troke,  Robert  W.  "Tube-Cavitv  Resonance,"  Acoustical 
Society  of  America,  ^:G8l±-&Q8  (April  19b8). 

9.  VanKuren,  James  T,  and  William  R,  Conner.  Acoustic 
Phenomena  of  Open  Cavity  Airborne  Cassegrainiah 
Telescopes . AFJT)L  TM-73-34*  ' V/right'  'Patterson  Air  Force 
Base,  6nio:  Air  Force  Flight  Dynamics  Laboratory,  June  1973 

10.  White,  H.L.  Trisonic  Gasdynanlc  Facility  Users  Manual . 
AFFDL  TH-73-82  TiCTT " v/right  batte'rson  Air  Force'  Base, 

Ohio:  Air  Force  Flight  Dynamics  Laboratory,  June,  1973* 


GAE/W74D-26 


Appendix  A 


Cavity  Resonance  Devices 
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Fig.  26.  Model  1,  Conventional  Helmholtz  Resonator 
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Fi£.  33.  Model  11,  Ilelrrlioltz  Resonator  (Model  3)  with  a Relief 
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Appendix  3 

Transmission  Line  Models 
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Fi"«  41  • Model  1 1 Pnour.atic  Line  Configuration 


64 


CJIE/A S/?4D-2 


SYM  HOOEL 

□ 0 

♦ 5 

t 6 

X 7 


0,6- 


HLPHfl=6 


l«2  K6  2.0  2,4  2,8 

CAVITY  OEPTH  (DIAMETERS) 


„ '+->•  -liOCtiYoneos  ox  HoOolo  5,6,  and  7 in 

i-.eoucinj  tr.o  --.S  Pressure  for  Various  Cavitv  Dor' 
j.ach=0,C5j  Alnlia  = i “ 


,'aiaiiLAMieAJktLlLA 


CAVITY  DEPTH  (DIAMETERS) 


Fi-j.  47*  Effectiveness  of  Ilodels  D and  6 in 
Reducing  the  PKO  Pressure  for  Variouc  Cavity  Den  the 
Kach.--O.0D,  Alpha  --6 


71 


— — ♦'* 'liiUMttllttgrtMiMi ii'  1 


RMS 


1.2-1 


SYM  MODEL 

O 0 

+ 3 

# 11 


MACH  =0.8S 
RLPHR=-6 


1.2  1.6  2.0  2_i  4 l\  8 

CAVITY  DEPTH  [DIAMETERS) 


FiC»  49.  13f  foctlvenooG  of  ilodols  3 and.  11  in 
Reducing  the  E KS  Pressure  for  Various  Cavity  ^eptli 
i.aclinO.o^,  Alpna  ~**G 


* I I I I I I 

1.2  1.6  2.0  2.4  2.8  3.2 

CAVITY  DEPTH  {DIAMETERS) 


El  > ) 

?i",  53.  Dffoctivcness 

of  Podclo  3*7*  and  11  in 

r 

Reducing  the  PAIG  Pressure 

for  Various  Cavity  Depths, 

5'j 

2:ach-~0.70, 

Alpha  s 0 

i 

* 

1 

™~*m«**Ki**. . jjmttMteai. — mam  

77 

J 

. . J 

Bo 


— : ; 

' " ' "J"  1-J> 


GA2/A2/74D-26 


vJ 


k. 


SYM  MOOEL 

□ 0 

O 1 

A 2 

+ 3 

X 4 


MACH  =0.70 
ALPHA=-6 


CAVITY  DEPTH  (DIAMETERS) 


ivcn 

Pres 

ch“0 


GWA£/?ifD-2S 


Fie*  59*  Effectiveness  of  Models  5,6,  and  7 in 
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